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FOREWORD 


This Indian Standard (Fourth Revision) was adopted by the Bureau of Indian Standards, after the draft finalized 
by the Structural Engineering and Structural Sections Sectional Committee had been approved by the Civil 
Engineering Division Council. 


Under the steel economy programme, a rational, efficient and economical series of Indian Standards on beam 
sections, channel sections and angle sections was evolved in 1957 and IS 808 was published in 1957 covering 
junior, light weight, medium weight, wide flange and heavy weight beam sections, junior, light weight and medium 
weight channel sections and equal and unequal leg angle sections. This standard was revised in 1964. 

In the second revision of this standard, parts relating to medium weight beam sections — MB series, column 
sections — SC series, channel sections - MC and MCP series and equal and unequal leg angles were revised and 
published as Parts 1, 2, 3, 4, 5 and 6 of IS 808, respectively. In the third revision in 1989, the Committee felt it 
convenient to merge all the five parts into one standard. 


In this revision, the Committee felt it appropriate to merge IS 12778 : 2004 ‘Hot rolled parallel flange steel 
sections for beams, columns and bearing piles — Dimensions and section properties’. Both these standards deal 
with the dimension and sectional properties for hot rolled sloping and/or parallel flange sections and widely 
used by the designers. The merger will facilitate better access ofthe sectional details under one resource document. 
The following additional modifications have been effected in this revision: 


a) The coordinate axes of the cross-section have been changed in alignment with IS 800. 

b) Plastic section modulus has been presented for all structural sections. 

c) The torsional cross-sectional properties, St. Venant’s constant, / and warping constant, / have been 

presented. 

d) Formulae for the calculation of sectional properties are included in Annex A and Annex B. 
The composition of the Committee responsible for formulation of this standard 15 given in Annex C. 
For the purpose of deciding whether a particular requirement of this standard is complied with the final value, 
observed or calculated, expressing the result of a test or analysis shall be rounded off in accordance with 
IS 2: 1960 ‘Rules for rounding off numerical values ( revised )'. The number of significant places retained in the 
rounded off value should be same as that of the specified value in this standard. 
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Indian Standard 


HOT ROLLED STEEL BEAM, COLUMN, 
CHANNEL AND ANGLE SECTIONS — 
DIMENSIONS AND PROPERTIES 


( Fourth Revision ) 


1SCOPE 


This standard covers the nominal dimensions, mass and 
sectional properties of hot rolled sloping and parallel 
flange beam and column sections, sloping and parallel 
flange channel sections, equal and unequal leg angle 
sections, and parallel flange bearing piles. 


2 REFERENCES 


The following standards contain provisions which, 
through reference in this text, constitute provisions of 
this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision, and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 


IS No. Title 
1852 : 1985 Rolling and cutting tolerances 
for hot rolled steel products 
(fourth revision) 
2062 : 2011 Hot rolled medium and high tensile 


structural steel — Specification 
(seventh revision) 


IS No. 
12779 : 1989 


Title 


Rolling and cutting tolerances for 
hot rolled parallel flange beam and 
column sections 


3 CONVENTIONS FOR MEMBER AXES 


Unless otherwise specified convention used for member 
axes is as follows (see Fig. 1): 


3.1 X-X Axis — A line along the member passing 
through the centre of gravity of the sections profile. 


3.2 Y-Y Axis — A line perpendicular to the flanges 
(in case of beams and channels) or perpendicular to the 
smaller leg (in case of an angle section) and passing 
through the centre of gravity of the sections profile. 


3.3 Z-Z Axis — A line parallel to the flanges (in case 
of beams and channels) or parallel to the smaller leg 
(in case of an angle section) and passing through the 
centre of gravity of the sections profile. 


3.4 U-U and V-V Axes — Lines passing through the 
centre of gravity of the sections profile, representing 
the principal axes of angle sections, where U-U is a 
major axis (when it does not coincide with z-z axis) 


Fic. 1 AXES OF MEMBERS 
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апа V-V axis is a minor axis (when it does not coincide 
with y-y axis). 
4SYMBOLS 


4.1 Letter symbols used in this standard have been 
indicated appropriately in Table 1 to 13. More explicit 
definitions for certain symbols, used in the figures and 
tables are given in 4.1.1 and 4.1.2. 


4.1.1 Symbols for Dimensions 


Modulus of section about Y-Y 


1, = | 
Z5 = axis 
е, 
2, — | Plastic section modulus about 
Z-Z axis 
"ла — | Plastic section modulus about 
| Y-Y axis 
— | Radius of gyration about Z-Z 
r= axis 


N 


— | Radius of gyration about Y-Y 


4.1.2 Symbols for Sectional Properties and Mass 


A — | Sectional area 
C (with — | Distance of centre of gravity, 
subscripts z, y, 
и огу) 
С, = |а-е, 
С = |b-e 
y y 
e — | Distance of extreme fibre 
from Z-Z axis 
e, — | Distance of extreme fibre 
from Y-Y axis 
I, — | Moment of inertia about Z-Z 
axis 
ЈА — | Moment of inertia about Y-Y 
| axis 
1, — | Moment of inertia (Max) 
about U-U axis 
L — | Moment of inertia (Min) 
about V-V axis 
M — | Mass of the section per meter 
length 
I — | Modulus of section about Z-Z 
Z= Ба axis 


a,b — | Longer and shorter leg length of 
angle section, respectively 
B — | Flange width of beam, column ог 
channel sections 
D — | Depth of beam, column or channel у= 
section | 
R ork — | Radius at fillet or root 
R, — | Radius at toe r= 
t — | Thickness of web of beam, column 
or channel section; thickness of leg 
of angle, section 
T — | Thickness of flange of beam, column 
or channel section 


axis 


— | Radius of gyration about U-U 
axis 


— | Radius of gyration about V-V 
axis 


«Ў 
| 


S 
| 


Angle between U-U and 7-7 
axis of angle section; slope 
of flange in the case of beam, 
column or channel 


5 CLASSIFICATIONS 


5.1 Beam, column, channel, angle and piles bearing 
sections are classified as follows. 
5.1.1 Beams 
a) Indian standard junior beams (ISJB); 
b) Indian standard light weight beams (ISLB); 
с) Indian standard medium weight beams (ISMB); 
d) Indian standard wide flange beams (ISWB); 


e) Indian standard narrow parallel flange beams 
(ISNPB); and 


f) Indian standard wide parallel flange beams 
(ISWPB). 
5.1.2 Columns/Heavy Weight Beams 
a) Indian standard column sections (ISSC); and 
b) Indian standard heavy weight beam (ISHB). 


5.1.3 Channels 
a) Indian standard junior channels (ISJC); 
b) Indian standard light weight channels (ISLC); 


с) Indian standard medium weight channels (ISMC); 
and 


d) Indian Standard medium weight parallel flange 
channels (ISMPC). 
5.1.4 Angles 
a) Indian standard equal leg angles (ISA); and 
b) Indian standard unequal leg angles (ISA). 


5.1.5 Bearing Piles 


а) Indian standard parallel flange bearing piles 
(ISPBP). 


5.2 The following abbreviated reference symbols have 
been used in designating the Indian Standard sections 
mentioned in 5.1: 


SI Section Classification Abbreviated 
No. Reference 
Symbol 
(1) Q) (3) (4) 
i) Beams ISJB JB 
ISLB LB 
ISMB MB 
ISWB WB 
ISNPB NPB 
ISWPB WPB 
ii) Columns/heavy ISSC SC 
beams sections ISHB HB 
iii) Channels ISJC JC 
ISLC LC 
ISMC MC 
ISMPC MPC 
iv) Angles ISA 2 
v) Pile sections ISPBP PBP 


6 DESIGNATION 


6.1 Beam, columns and channel sections shall be 
designated by the respective abbreviated reference 
symbols followed by the depth of the section, for 
example: 


a) MB 200 — For a medium weight beam of depth 
200 mm, 


b) SC 200 — For a column section of depth 200 mm, 


c) MC 200 — For medium weight channel of depth 
200 mm, and 


d) MPC 200 — For a medium weight parallel flange 
channel of depth 200 mm, and 


6.2 Narrow parallel flange beams are doubly symmetric 
shapes, generally used as beams whose inside flange 
surfaces are substantially parallel. Beams under this 
standard have flange widths generally lower than the 
depth. Beams are manufactured with heavy, medium 
and light flange and web thickness. Beams shall be 
designated by nominal depth and nominal flange width 
and mass of the section in kg/m. For example, NPB 
300 x 150 x 36.52 would mean narrow parallel flange 
beam having nominal beam depth of 300 mm, nominal 
flange width of 150 mm and beam mass of 36.52 kg/m. 
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6.3 Wide parallel flange beams are doubly symmetric 
shapes, generally used as beams or columns whose 
inside flange surfaces are substantially parallel. 
Beams or columns under the standard have nominal 
flange width same as depth up to nominal beam depth 
300 mm. Beam depth larger than 300 mm have 
nominal flange width from 300 to 400 mm. Columns 
may have flange widths more than the depths. Beams 
and column section are manufactured with heavy, 
medium and light flange and web thickness. Beams and 
columns are designated by nominal depth and nominal 
flange width and mass in kg/m. For example, WPB 
600 x 300 x 128.79 would mean wide parallel flange 
beam having nominal depth 600 mm nominal flange 
width of 300 mm and beam mass of 128.79 kg/m, and 
WPB 360 x 370 x 136.20 would mean wide parallel 
flange columns having nominal depth of 360 mm 
and nominal flange width of 370 mm and a mass of 
136.20 kg/m. 


6.4 Equal and unequal leg angles shall be designated 
by the abbreviated reference symbol (4) followed 
by the dimensions А, B and t. For example, 
Z 200 x 100 x 10 represents unequal leg angle of 
dimensions of legs 200 mm and 100 mm and thickness 
10 mm. 


6.5 Parallel flange bearing pile sections are doubly 
symmetric wide flange shapes generally used as bearing 
piles whose flanges and webs are of same nominal 
thickness and whose depth and width are essentially 
the same. Bearing piles are generally designated by 
nominal depth of the section and mass in kg/m. For 
example, PBP 360 x 174.02 would mean bearing pile 
section having nominal depth of 360 mm and nominal 
flange width of 360 mm and mass of 174.02 kg/m. 


7 DIMENSIONS, MASS AND TOLERANCES 


7.1 Nominal dimensions and mass of several sections 
shall conform to the values given in respective tables 
and fgigures as follows: 


SI Sections Table No. Figure 
No. No. 
(1) (2) (3) (4) 

1) Sloping flange beams Тапа 2 Fig. 2а 
ii) Parallel flange beams 3 and 4 Fig. 2b 
iii) Heavy beam/column 5 Fig. 2a 

section 

iv) Sloping flange channel 6 and 7 Fig. 2c 
v) Parallel flange channel 8 Fig. 2d 
vi) Equalleg angle 9and10 Ғе. 2е 
уп) Unequal leg angle lland12  Fig.2f 
viii) Bearing piles 13 Fig. 2b 
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к= == 


а) SLOPING FLANGE BEAM b) PARALLEL FLANGE BEAM 


R2 


t 


Ry 


|~— pb —+| 


e) EQUAL LEG ANGLES 


c) SLOPING FLANGE CHANNEL 


Су У ey 
aBa 


d) PARALLEL FLANGE CHANNEL 


f) UNEQUAL LEG ANGLES 


FIG. 2 DIMENSIONS OF THE SECTIONS 


7.2 Dimensional and mass tolerances of the various 
sections shall conform to the appropriate values 
stipulated in IS 1852 and IS 12779. 


8 STEEL GRADES 

Material strength of steel sections shall be conforming 
to IS 2062. 

9 SECTIONAL PROPERTIES 


9.1 Sectional properties of the beams, columns, 
channels, equal and unequal leg angles and bearing 
piles shall be as given in Tables 1 to 13. 


9.2 With advancements in steel rolling and technologies, 
steel mills can produce wide range of structural steel 
sections. The customization of sizes through optimum 
flange width, beam depth, thicknesses of flange and 
web will enable cost savings on the overall steel take off 
in addition to the reliability of connections achieved. A 
new range of sections suiting to the need of the design 
requirements can be produced based on the formulae 
to calculate the geometrical sectional properties as per 
Annex A and Annex B that fulfils the design criteria. 
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$960| sel | SET | ESL | ESL | 661 | с/с | 9IC | 9 IC | OST €'09 6L'0 961| 961 | 0 | OL | 9 | OL | OL | ST8 | 659 |9х 
C990 | PIL | VII |9€9 | 9€9 | 661 | vZC | LIZ | Lit | 651 E'IS 6/70 ToL | 267 | 0 | OL | S | OL | OL | 989 | BES |5$х0/х0/7 
(pz) | (cO | GO | (то) | (00 | (6D | (SD | D| (9D | GD (pD (ЕТ) (00) | (9 | (8) | (0 | (9 | (09 | 60) | (po (0 (D 
‚Шш ешш ешш ешш ешш кшш ,UIUI Шш 
,01х | Ox (Ix | Ox | <OIx | шш шш шш шш ,01х ,01х pei шш шш | wu} шш |шш | шш | шш | 01x | шувх 
о и | “у | | у М ч м | а | (шу (хеш) | о оо |e | ee [ele |» 
[4 n 
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с61 | ber | err | орс | оре | 166 | SOL | L'O9 | /709 | орт | 0055 | 6LO | ocre | ocre | 065 | OS | 87 | osr | sz | ooz | ooz | ГР6 | 065, |GCx 
101 | 696 | zoe | roz | roz | 666 | ELL | 619 | E19 | 0811 | 095% | 620 | 0487 | 0282 | гис | тис | 8t | OST | 0с | ooz | ooz | €9L | 9665 | OZ x 
vzs | S6C | soz | 691 | 691 | 96€ | 8L | 619 | 619 | 196 0926 | 6LO | 0962 | 0962 | oss | oss | BH] ost | OL | ooz | 002 | 819 | €C8b |91х 
€7 | st | 500 | Stl | SZI | 66€ | 181 | Ко | као | OvL 0067 | 6L0 | 0281 | 0281 | 6% | GES | S | 051 | с | ooz | ooz | 697 | 6896 | ZI x 002 x 007 7 
9% | 861 | 861 | 601 | 601 | 262 | TLS | esr | ESP | osr OEST | 6L0 | OSTI | OSTI | 9% | Str | St | ос | Oc | OST | OST | 296 | сър | Oc x 
Le | 291 | 291 | L68 | L'68 | v6C | BLS | Bsr | 89 | PoE 0261 | 6LO | 856 | 856 | пер | ТЄР | St | OCI | 91 | OST | OST | 95р | 7856 |91х 
sol | рат | бї | 889 | 889 | 967 | #85 | €or | сор | soe 0811 | 6LO | от, | об, |91 | 91b | St | OTI | 21 | OST | 061 | LE | 6CLC | CI x 
99'6 | рог | vor 85 ss | 862 | L8S | 99t | Фор | 6с 0001 | 620 | <69 | eco | 80Р | 830r | $t | 021 | 01 | OST | OST | Tez | 6672 | OI x OST x 0617 
ece | 021 | 61 | 699 | €99 | psz | Lor | PoE | vóc | zsz 996 60 | 609 | 609 | 286 | C8€ | 8t | 001 | 91 | 061 | OCT | ГбЕ | 740: |91 x 
су! | 2726 | сс6 | IS IS | sz | #05 | 66€ | 66€ | 661 LSL 6L0 | 9Lr | 9Lp | LOE] LOE | 8t | 001 | ZI | 061 [ос | 867 | е | ZI x 
ces | ELL | SLL | Ver | Ver | cst | Los | COP | СОР | 591 РР9 60 | sor | sor | 656 | OSE {8% | 001 | OI | 061 | oet | тсе | 2261 | OI x 
оў | 769 | €9 | 8E | SHE | 8S7 IS | кор | РОР | SEI 975 6L'0 | 066 | ose | OSE] OSE [8% | oor | 8 | 061 | 061 | сос | 2651 |8x 061 x O€I 7 
(то | (cO | (cO | (то) | (00 | (60) | (80) | GD | OD | GD (71) ED | (ср) | а) | 00] © |) |(9 | (9 | (2) | © (0 (D 
‚Шш ешш ешш ешш ешш ,UIUI ‚Шш тии ш ци 
"01х | 01х г01х | Ix | Ix шш шш шш шш .01х FUE pei FUE +01х шш шш | wu} шш | шш| шш | шш | 01x | шу 
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609 | 9 | SOL | 6€ | 6€ | zsz | gos | cor | cor | OSI 98S | 6L0 | 89€ | 89€ | SSE | SSE] st | oor OET | OSI | LTZ | C8 LI |6 x 061 x 0617 
esz | 966 |556 | 8726 | 875 | rez | 89 | POE | Voc | 581 60L | 6L0 | Lot | Lv | ese | ese | Sr | 001 OZI | OZI | 8 | 859 | ST x 
Ver | га, | SL | ver | ver | sez | €or | coe | Loe | cel 88$ | 6L0 | OLE | OLE | THE | THE | st | oor OZI | 0с | Рас | LC IC | C] x 
99L | 99 | 659 | HOE | HOE | NET | 99 | 69€ | 69€ | 621 los | 6L0 | «Є | SIE | FEE | РЄ | 8t | OOI OZI | OZI | гс | SU8I | OI x 
Soe | SES | res | SoZ | 567 | BET | 697 | TLE | CLE | sor оў | 6L0 | 862 | 850 | sze | sze | 8v | 001 OZI | OZI | 981 | 9991 |8x0CI x 0217 
soz | Ред | 269 | COE | TOE | € 61 | SLE | LOE | roe | 901 86€ | 6L0 | zsz | zsz | Рос | РОС | 0 | S8 001 | 001 | 642 | IG IC | SI x 
CC | LTE | LTE | 281 | C81 | 661 | TOE | 116 | rie | CS ос | 60| ZEL | cel | Рас | VIC | 0 | S8 001 | 001 | 91 | €L'OI | Lx 001 x 0017 
TSI | 961 | SST | 998 | 998 | ger | LZ | SIC | SIC | 611 $89 | 6L0 | rer | ver | 00с | 002 | 0 | OL OL | OL | CF 6 | 6€L |/х04х047 
оо | €81 | 281 | го | то | га | ste | 661 | sor | #61 STL | 6L0 | 6% | бор | 861 | 861 | O | $9 s9 | so | 21 | бо [OL x 569 х 69 7 
99'€ | FSI | #61 | 058 | Les | #11 | SCC | 641 | 641 | st 656 | 6L0 | sse | sse | 981 | 981] 0 | $9 09 | 09 | IL | 128 |01х09х097 
eee | в | 801 | ive | ITZ | 1701 | voz | 691 | 291 | си Vt | 6L0| 892 | soz | ELI | 211 | 0 | 69 ss | ss | OL | 264 101х55х657 
151 | 698 | 298 | ба" | бв | L'6 | 881 | 671 | 671 | EOL с9с |610 | 991 | 991 | ка | ғ | o | 09 os | OS | trL | PBS |8х 
901 | LL | LOL | осу | ос7 | 86 | 681 | 161 | 161 | 229 9 |610 | 671 | 671 | OST | OST | 0 | 09 os | OS | 659 | LUS |, Х06Х 0567 
GO | (cO | GO | AD | (00 | (6D | (80 | GD | OD | GD D | бр | (D | ар 00| © |(9]| (0 (9 | @) | (9 | © а) 
‚Шш (WU Шш Шш Шш тиш ‚Шш ,UIUI ‚Шш ш 
,01х | «01х 01х | Ix | Ix | шш шш | uu | unu 01х ,01х pei PUES TUE шш | шш | ши | шш | шш | шш | шш | 01x | шу 
т | 2 | уу || ч | М | 4 | = Гау f eer) » “т | “т |> | э || y а |» | к | и 
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ELI | SCr | Ley | Lez | Lez | Vee | 679. | 809 | 809 | 0651 ozes | 6/70 | 0666 | OSEE | sss | $85 | S | 081 ooz | 007 | 806 | тети | FC x 002 x 007 7 
906 | 162 | o6z | 191 | 191 | ESE | r69 | BFS | 675 ESS 0:75 | 6/70 | 0907 | o907 | 076 | 07256 | S | 081 081 | 081 | 989 | $8°Є$ |OZ x 
v99 | poz | рос | OPT | OFT | HSE | 69 | rss | rss SLL 0667 | 6L0 | 088 1 | 0881 | CIS | CIS | 8% | 081 081 | 081 | гс | 6487 |81 x 
88€ | ezz | ezz | ezi | ezi | ose | 669 | sss | $55 699 ossz | 6/70 | 0191 | 0191 | 005 | OOS | 8% | 081 081 | 081 | EZS | 60 It | ST x 081 x 081 7 
srs | 081 | 081 | 866 | 866 | €6C | HLS | 9 Sp | OSH | Ltt 0891 | 6/70 | 0601 | 0601 | веру | бер | Sv | 071 OST | OST | 60S | 100r |81 x 
OZE | ZSI | 261 | 9t8 | 9v8 | Soz | OLS | OF др TLE Obri | 6L0 | 106 | 106 | 877 | 87r | Sv | 071 OST | OST | бс | сее | ST x OST x OST 7 
(pz) | (cO | со | ad | (00 | (6D | (SD | D| (9D | (SD (Т) (cD | со | GD | OD | (9 (8) | w (s) | @ | (9 (0 (1) 
‚шш | ди | шш | QUII | шш ,UIUI ‚иш ‚шш ‚иш сшш 
+01х gx ‹01х | lx | Ox | шш шш шш шш +O1x UE per UE +01х шш шш | шш | шш шш | шш | 01x | шувх 
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TITO | 221 | оск | #60 | 322 | $9 | SOT | €8 | 661 | сет | eg | #0 | srz | 684 | TL | 69| 0 |с | e | oe | OS | OLE | wz vx 
6900 | IET | 826 | €LO | 681 | 99 | 691 | V8 | ror | eor | 629 | seo | 691 | ero | LO | POT | o | | € | oe | OS | LET] 981 |Єх0Єх0$7 
9670 | 97 | s | TET | 627 | V9 | OPT | €8 | HI | ELT | ¿e6 | ovo | 682 | 128 | C8 | 96| o | OS | 9 | OC | ср | аж | 626 |9х 
1670 | 80Z | ис" | єт | 822 | £9 | rsi | £8 | VeL | srt | is | ovo | isz | 804 | 8L | 261! o | os | s | oe | ср | SSE | вис | Sx 
ISTO | 691 | SE | €60 | S61 | $9 | EST | <8 | си | ст | SL9 | тко | orz | Les | VL | 891 | 0 | OG | r | OC | ср | 687 | LCC vx 
$900 | 621 | LZ | CLO | 61 | 99 | HST | 98 | | 960 | ocs | ТРО | SOT | Lop | TL | tl | o | OS | € | OE | s | ICC | рат | хох 
pero | CL 1 | Ise | 60 | сс | es | &I L9 | vcl | 201 r9 | сео | 91 | oss | OL | vet | o | OS | 9 | SC | Or | OSE | C8C |9х 
OSTO | srt | LUE | LLO | єзї | es | TEL | 89 | са | 480 | res | 9€0 | ст | 9Lv | LO | OFT | o | OS | s st | Or | soe | OFT | Sx 
вео | SUIT | 692 | #90 | SI | VS | єє | 69 | оа | GLO | rrr | 9€0 | GIL | Loe | €9 | 9€ | o | OS | r | sz | OF | OFZ] 961 | vx 
$500 | 60 | 807 | 6FO | OTT | VS | SEI L | ага | 150 | sre | Leo | roo | mwe | 65 | TEL} o | OS | € | sz | Or | 161 | OST | €ExSCxOPZ 
L810 | 60 | 6LT | LYO 1 Cr | 86 | ке | C6 | тко | oz | 660 | 490 | eer | ss | LOL] o | SF | S | Oc | oe | все | 081 | sx 
8600 | 0 | ЗРТ | 660 | 280 | Er | 66 | SS | €6 | #0 | SST | oro | LCO | 691 | се | ғо | o | St | Ӯ | 0с | OC | 881 | sI | rx 
woo | 9€0 | OT | 120 | #90 | є | ror | 95 | F6 | LCO | LHI | сол | око | 621 | rs | 66 | 0 | St | € | oz | OE | ска | PIL |Єх0©х0Є7 
(pz) | (с) | (cO | GO | (00 | (610) | (80) | (2) | 000 | GD | 6D | (eD | ср) | ар | 00 | © | (sS | (0 J(0 | © | (D | (9 (0 (1) 
‚шш | шш | шш | ‚шш | шш ‚иш ‚иш ‚иш ,UIUI Шш 
(OIX ‹01х | г01х | ;01Х 01х | шш шш шш | шш NUES ,01х pei NUES „01х шш шш | шш | шш | шш | шш | uu | rx ш/8ў 
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rol | L'6 | 66€ | 901 | ezz | ezi | 00€ | 991 | sz | gzz | 6б | око | сор | IET | ког | ETE | о | SL | 21 | 09 | 06 | 991 | GOEL [ех 
99% | 991 | Tre | S06 | 061 | 621 | EOE | 691 | €8C | VEZ | 601 | 1Р0 | ГОР | єп | LSI 0 06 | TYI | 3011 |01х 
we | vel | ELT | vEL | SSI | 061 | 90€ | ги | 982 | Sor | LOL | tro | see | 9€6 | OF 0 06 | FIL | 106 |8х 
єл | 201 | SIZ | pes | OIL | TEL} OTE | ELI | 887 | CSI | ors | тко | 292 | во | THI 0 06 | 9/8 | 889 |9x09x067 
00r | SIL | 092 | 579 | OFT | LOL | soz | Let | sz | 661 | Lv8 | 9€0 | сс | 9L | Ec 0 08 | га! | 056 |01х 
807 |9€6 | FIZ | 605 | 0с | SOT | 892 | 651 | €SC | SIT | SOL | LEO | Ter | 259 | 9cI 0 08 | L86 | VLL |8x 
£680 | £L | SOL | S6€ | SC6 | 601 | rz | Vel | osz | 668 | sss | LEO | FSI | vor | S1 0 08 | SSL | 266 |9x 
TSO | 665 | OFT | t€€ | 184 | OIL | єс | EI | “sz | 89L | €Lv | LEO | ва Ck | VH 0 08 | 929 | 667 |5х 05 x087 
eve | €IL | гес | его | 621 | LOL | osz | ве | rec | СЕТ | со | око | ezz | TED | геї 0 SL | SIL | огб |01х 
661 | <26 | 61 | SoS | 901 | 801 | esz | rri | 960 | 601 | S09 | tro | 281 | Lz | ва 0 8 SL | суб | ср, |8x 
9680 | LOL | Lvl | woe | Lrg | 601 | 952 | ЄЎЇ | 660 | 458 | суў | tro | Srl | сте | сс 0 9 SL | сі | 89$ |9x 
oso | sos | Ка! | zee | 69 | OIL | 862 | vtl | vC | CEL | sor | ко | га | rse | 81 0 € SL | 609 | 81% |Sx0SxSL7 
ose | 226 | #61 | 167 | OIL | 96 | єс | єс | LIC | 186 | zos | LEO | 091 | 005 | STI 0 01 OL | 501 | I€8 |01х 
281 | SL | #91 | 90* | 216 | L6 | vec | са | cc га | CLE | 8€0 | SEL | ВР | ST 0 8 OL | S98 | 6/9 |8x 
v8LO0 | TLS | 921 | STE | род | 86 | LEZ | гс | €CC | veo | сіє | 620 | LOI | 876 | OTI 0 9 OL | €99 | ICS |9x 
аеро | 287 | LOL | 897 | Sos | 86 | eez | за | pzz | zs | SIE | 6€0 | C6 | osz | 901 0 € OL | 696 | бер |SxStx0L7 
PLI | 6€L | ГРЕГ | со | 684 | 96 | GIC | га | eoz | 99L | €6€ | sro | TEL | OEE | га 0 8 S9 | p78 | LV9 |8x 
8/0 | 996 | IL | се | ro | Z6 | сс |ва | 907 | 6656 | TIE | #0 | SOI | Loz | vil 0 9 с̧ә | 229 | 96$ |9x 
LEYO | 11% | €€6 | soz | 915 | 86 | Рес | EL | LOC | zis | Loz | #0 | 206 | вс | OTI 0 € s9 | ees | вгр | SxSpxs97 
LSI | ESS | SIL | РГЕ | 299 | 98 | GOL | ги | 281 | srs | 962 | ovo | со | 652 | 601 0 8 09 | РРА | 785 |8х 
9L90 | Ler | 126 | сре | ers | 98 | coz | EIT | 681 | оср | sez | tro | 6CL | soz | сот 0 9 09 | 225 | 6Fv |9х 
€6€0 | 11е | €8L | 807 | сер | L8 | voc | РКП | Tol | soe | сос | tro | 829 | SLI | 86 0 € 09 | e87 | 6L€ |схорх097 
TESO | ZST | 609 | #1 | Eve | V9 | vor | T8 | 261 | 981 | са | ceo | Loz | ги | 6L 0 9 os | ost | pse |9x 
TICO | ЄТЄ | 675 | SIT | zez | $9 | 991 | C8 | 861 | OST | SOL | #0 | 862 | єбє | SL | ELT] o | ss | S | oe | OS | ISE | 6z | Sx 
(pz) | (20 | (со | (то) | (00 |6) | (SD | CD | (9D | (sD | GD | ED | ср | ар | OD] © | (9 | (0 | (0 | (0 | (D | (9 (0 0) 
puu ешш ешш ешш ешш ,UIUI ‚ш puu ,UIUI Шш 
.01х | Ix | ‹01х | Ix | ;01х | шш шш шш | шш | „01х NUES pei NUES NUES шш шш | шш | шш | шш | шш | шш | „01х ш/8х 
(шш) | (хеш) 
Ек | а ERE | Ж | Get) 8 HEB ВЕ МЕ “I бро ро | | у |, | p | ү n 
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0'88 | 907 | бре | #1 | 261 | ТТЕ | #69 | ое | 829 | C89 | 0616 | SO | 0921 | 0192 | бє | THO | BH | сет | Oc | OST | ooz | C99 | rozs |0сх 
9'Sr | LOT | S8C | C€6 | OST | ETE] LOL | ТҮР | €€9 | 095 | 0692 | SO | oror | OSTZ | OLE | 409 | Sr | CET | 91 | OST | ooz | 2с | BIZ |91х 
vol | да | 8IC | VIL | 611 | 976 | LOL | 9 | 669 | СЕР | oroz | ISO | CIS | 0991 | coe | rio | 8t | SEL | CI | OST | ooz | 80r | LOZE [ех 
еп | LOL | Єзї | 209 | oor | 872 | IL | 8b | 1%#9 | 89€ | OZLI | ISO | 889 | oori | sse | 209 | 8t | SEL} OL | OST | ooz | THE | 2696 |01 x OSI x 007 7 
Lge | SLL | Sst | lr | ә | €IC | 659 | 5902 | v9 | LOC | 0861 | sco | 616 | 0481 | Lz | єс | Sr | OCI | 91 | 001 | ooz | 9% | v8 Se [91x 
SOI | 286 | 961 | OTE | си | SIZ] 599 | 697 | 99 | 191 | 0661 | 9CO | ISC | orri | гіс | LOL | 8% | 021 | а | 001 | 002 | LYE | 6CLC | ZI x 
996 | #87 | S91 | 697 | є%6 | LIT] 899 |тис | BHO | LET | O0£T | 970 | piz | 0сст | coz | 869 | st | оа | 01 | 001 | ooz | 262 | є6'сс JOT x 001 x 007 7 
6€€ | 196 | 961 | es | 298 | Рус] rzs | vee | бор | 660 | 0801 | 200 | Orb | 8/8 | LOE | Гар | Sr | OIL | 91 | SIT | OST | Or | OFTE [91x 
Srl | се, | 021 | 80t | C99 | LZ] 805 | OEE | кар | 681 | 68 | 260 | OSE | #89 | сос | сор | Sh | OIL] а | SII | Ost | Соб | 96€c | ZI x 
058 | 619 | 101 | SHE | 856 | 8 vC | res | THE | 9оз | LSE | са. | 200 | 867 | 185 | Рас | DS | 8 | OIL | OL | SIT | OST | osz | proz Jor x 
звер | os | #8 | 6LC | Гор | 672 | HES | СРЕ | 8L | 801 | 685 | TO] № | мр | YLT | Ser | Sr | OIL | 8 | SII | OST | Loz | 1291 Ј8 хе 1 х 0617 
61 | сер | 028 | €LC | Гор | TOT] ФЕР | LLC | све | 201 | ст | ISO | IGI | pse | BHT | L'éE | 87 | OG | ZI | s6 | szi | osz | S961 [сіх 
002 | LIF | #69 | rez | rse | Рос | ser | GLC | PoE | €L8 | тор | ISO | рог | sze | OFZ | 68€ | Sr | 06 | OL | S6 | а | отс | #6791 [OI x 
196 | Lee | #95 | 881 | 605 | SOT] ТҮР | U8C | Loe | VIL | Tee | 260 | vel | 892 | zez | OBE | Br | OG | 8 S6 | StI | OLI | LEET |8x 
+1 | 660 | бе | ЄЎЇ | vez | voz | vvv | esz | 66€ | oss | psz | ссо | 01 soz | Рас | CLE | 87 | 06 | 9 | S6 | SCIL | 621 | УГО [9x 6x CL 7 
єє | LOT | C99 | Lol | TLE | €91 | ге | 607 | OOF | 015 | 666 | SEO | l'v8 | 90€ | SLI | Oct | o | OG | OL | SL | в | Ter | SOSI [OI x 
LTE | 9 Ic | OES | OTL | TOE | 591 | кор | CIC | cor | гоў | 6LC | SEO | 169 | 166 | 041 | ал | 0 | 06 | 8 SL | stl | Sst | 6IZI |8x 
6€I | рог | Єт | 0с6 | rez | 991 | гр | VIC | sor | “ze | SIC | seo | ers | vol | COL | 80 | 0 | 06 | 9 | SL | ват | BIL | LC6 |9х 6 х 017 
8€6 | 90€ | VIS | 891 | €87 | 091 | Ere | 9 IC | rie | Рос | zez | oso | L16 | 161 | voz | все | 0 | S8 | а | SL | оог | L'6I | 8VST |CI x 
oss | Esz | Ser | ет! | сре | ror | Lee | 8IC | VIE | СЕР | ooz | oso | 26, | #91 | Lol | тс | 0 | s8 | OL | SL | 001 | 991 | LOI |OI x 
SST | OIZ | 856 | LIL | Lol | COL | ose | тсс | LIE | sse | sor | oso | [S9 | sel | 681 | Ele | o | SB] 8 SL | 001 | SEIT | I9OI |8x 
ICI | 091 | Рас | 006 | rsi | ког | vse | €cc| 616 | ozz | 821 | oso | CIS | sol | 281 | Soe | o | $8 | 9 | SL | 001 | cor | 808 |OxSLx0OL7 
ors | LOL | стр | 801 | 9с | OFT | Lee | est | ӨТЕ | 60€ | LLL | 660 | CCS | 951 | sor | VEE} o | OS | OL | S9 | 001 | OST | 3221 |OI x 
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LY 


Radius of Gyration 


| 1 | 
R, = 1, : Р = yy ; Ка = um ; R, = Ту 
А ad A A A 


Table 16 ( Concluded ) 


Elastic Section 
Moduli 


„= 1„/а- С); 7„=1„/®- C) 


Z 7I /(a— С) Е УЛ 1 /(b -C) 


Plastic Section 
Moduli 


iss ЈЕ (4/2-24) |. 


t 2 


1, =t(b ЈЕ 


Torsional rigidity 


1202 : 808 SI 
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A-2 GENERAL PROCEDURE FOR 
THE CALCULATION OF TORSIONAL 
CONSTANTS I, AND I,, FOR ANY GENERAL 
OPEN CROSS SECTION 


Referring to the generic open cross section and notation 
shown in Figure 3, the torsional properties / ad Z may 
be expressed as follows: 


i^ 
1, => |е ds 
37 


Calculation of / is shown in the following steps. For 
the detailed procedure, consult specialized literature. 


1:5 
W, =—|W..tds—W,, 
As 


where 
A= |, ds 
0 
W, = [o 
0 
S = |: ds 
0 


using these parameters /. can be calculated as 


1, = [wis 


Fic. 3 GENERAL CROSS SECTION 
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ANNEX B 
( Clause 9.2 ) 


METHODS TO CALCULATE THE EXACT GEOMETRICAL SECTIONAL 
PROPERTIES USING COMPONENT METHOD 


B-1 GENERAL centroidal distances etc for rectangle, triangle and 


sector are given below. 
B-1.1 The entire section is discretized into rectangles, 


triangles and sectors. The area, moment of inertia, 


Shape of the cross-section element Sectional properties about its own centroidal axes 
1. Rectangle (origin of axes at centroid) 

b d 

A-bh z=- '=— 

2 4 2 
3 3 

1 E pa” 1, =0 
12 í 12 i 
= bh gu b+c mm h 
2 3 3 
bh? hb bh’ 
1_=—— = —— (b –ђе+ с" I, = (6 — 2с 
= 36 E. | ) T. 72 | ) 
q- vab yah 
2 2 3 

bh? hb? 

" 36 У 48 Ы 

4. Right triangle (origin of axes at vertex) 
y 
bh b 
А = 2' = ке 
2 y <3 
ћ bh _ hb pp 
"^ 12 У 12 " 24 
7 
0 
ђ 
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5. Circular sector (Origin of axes at centre of 
circle) 


— y 


а = angle in radians С < z) 


А=агт z'-rsin(a) y. 08€) (x) 
a 
4 
L, = (а +sin(a)cos(a)) 
4 
І, = (а -sin(a)cos(a)) 
I =0 


B-1.2 Discretization of the I-Section 


The section properties of I section can be obtained by 
algebraic addition of different groups shown in Fig. 4 
as IG] – IG2 + IG3. The components of properties of 
ІСІ, 102 and 103 is given in B-1.1 


B-1.3 Discretization of the Channel Section 


The section properties of the channel section can be 
obtained by algebraic addition of different groups 
shown in Fig. 5 as ССІ — CG2 + СОЗ. The components 
of properties of CG1, CG2 and CG3 is given in B-1.1. 


B-1.4 Discretization of the Angle Section 


The section properties of I-section can be obtained by 
algebraic addition of different groups shown in Fig. 6 
as AGI —AG2 + AG3. The components of properties of 
AGI, AG2 and AG3 is given in B-1.1. 


Where А = Area; z’and y’ = Distances to centroid C; 7, , I — moments of inertia with respect to the z and y axes, 
respectively, and Z = Product of inertia with respect to the z and y axes 


B-2 SECTIONAL PROPERTIES 
SECTION 


OF GROSS 


B-2.1 The entire section is discretized into elements, 
and the sectional properties of these elements could 
be calculated using B-1.1. The section properties of 
the whole section, could be obtained by using scalar 
additions, and rotational transformations appropriately. 


Total area, 4= У 4; where i is the element number, 
i=l 


and n is the number of elements. 


Centroidal distance of the gross section, 

= E44, EA» ; where 2, y, 2 and y are measured 
A A 

from the same set of z-y axes. 


B-2.2 Theorem for Translation or Shifting of Axes 


If I i and I „аге the moments of inertia of the i^ element 
at its own centroidal axes, they should be shifted to the 
centroidal axes of the gross section using parallel axes 
theorem: 


IG 1 


IG 2 


Fic. 4 I — SECTION COMPONENTS 
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CG 1 


CG 


2 


CG 3 


Fic. 5 CHANNEL SECTION COMPONENTS 


AG2 


AG 3 


Fic. 6 ANGLE SECTION COMPONENTS 


i, = LT ш 4 (> Е У) 


1. о xi al 


B-2.3 Tensor Transformations for Rotation of Axes 


y 
| 


2 


= 7 


FIG 7 ROTATION OF AXES 
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Isi = td (a -z)(x -y) 


Т> gross > (1... ) 


If moments of inertia of the element centroidal axes, 
needs to be rotated to make it parallel to the section 
centroidal axes, transformation formulae given below 
could be used (see Fig. 7). 


I, +I -I 
am ELLE 779. cos (20)+1, sin (20) 
2 2 
I +1 I,- 
„и и cos|2|0+2 +1„,вїп 2 0+2 
2 2 Е 2 
БГ 
Iu = sin (20) –1,,сов (20) 


Where 7 „ Z the moments of inertia about the initial 
axes and I> the product of inertia. 1» 1, and 1, аге 
the respective quantities for the rotated axes u, v. 
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The product of inertia 7, is zero, when z or y are 
symmetry axes. 0 is measured counter-clockwise. 


For angle sections, the Z, T. axes will not be the 
principal axes. Principal axes u-u and v-v will make an 
angle $ with the z-y axes, given by: 


2I 
tan (2) = Im 


_ ТТ 


ши? уу 7 2 


m Iy Ты Iw 
r = r = [д = n, = 
ЈА У VA VA \ А 


Thus, the radii of gyration in all the directions can be 
obtained. 


B-2.4 Plastic Section Moduli 


Determination of plastic section moduli needs 
identification of equal area axis. When the section 
becomes plastic, the cross section will be subjected to 
uniform stress which is equal to its yield stress. Since 
compressive force is equal to tensile force, equal area 
axis divides the section into two equal halves. 


If the section is bi-symmetric (for example, I section), 
then equal area axis and elastic neutral axis coincides. 


A 
£a =—(y, +) 


А 
5 Zy =3 (4+2) 


where y,, z, are the distances of centroid of area in 
compression, from corresponding plastic neutral axis; 
and у, z are the distances of centroid of area in tension, 
from corresponding plastic neutral axis. 4 1s the area of 
the whole section. 


CENTROID OF 


COMPRESSION AREA uZ Ф ibs n 
2 Ф 2 ag 
EQUAL AREA 884 |< © = 
AXIS TEE ED 
CENTROID OF as = uz 
об 5 Зе 

TENSION AREA 5 


Channel sections are mono-symmetric, (symmetric 
about z axis, and unsymmetric about y axis), hence 
plastic neutral axis in z direction is same as that of 
elastic neutral axis. Vertical equal area axis will be 
different from that of vertical elastic neutral axis. 
Hence, it should be determined separately. 


A A 
Za = (У, +y) Љу == (2.4%) 


2 
where у, z, are the distances of centroid of area in 
compression, from corresponding plastic neutral axis, 
and y, z are the distances of centroid of area in tension, 
from corresponding plastic neutral axis. 


To find y, and y, 
_ > (Љу) _ Уу (4,у,) 
Уыз "M Уу = ENT A 
2 2 
To find 2, and z, 
_ > (Az) _ У(42;) 
С m EN" 
3 2 


1 denotes elements in compression, j denotes elements 
in tension 


For an 1" element, A, is the area of the element, and у, is 
the distance from element centroid to horizontal equal 
area axis, and z, is the distance from element centroid 
to vertical equal area axis. 


B-2.5 Determination of Vertical Equal Area Axis 


On either sides of equal area axis, area = А/2. Since 
the section is monosymmetric, the area of each shaded 
region — 4/4. The first step to the determination of Zy 
is the determination of distance of vertical equal area 
axis from the toe of the flange, which is denoted as 


Zo? Zt 


Fic. 8 BI-SYMMETRIC I-SECTION 
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CENTROID OF 


EQUAL AREA 
AXIS 


CENTROID OF 
TENSION AREA 


CENTROID OF 
COMPRESSION 


COMPRESSION AREA 
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AREA 


CENTROID OF 


EQUAL AREA AXIS 
TENSION AREA 


|< 


| 


Zo? Zt 


Fic. 9 MONO SYMMETRIC CHANNEL SECTION 


Fic. 10 SECTION DETERMINATION OF VERTICAL PLASTIC NEUTRAL AXIS OF CHANNEL 


d,. Referring to the element numbering given before 
for channel sections, this shaded region consists of 
some portion of element 1, some parts of element 3, 
and the whole area of element 7, deducting the area of 
element 6 (as given in equation below). The effect of 
root is ignored here. 


(d, xT, 


min 
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Where, Т is the width of flange at the toe (width of 


element 1), and a is the flange angle. 


The above equation is quadratic in а, and is of the 
form ad; +bd,+c=0, which yields two solutions, 
out of which one is appropriate. Once d, is identified, 
z,, could be found. 


5 xd, ха, tan{ = 2J + Area of element 7 — Area of element 6 = = 
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